SUMMARY Using a sensitive enzyme-linked immunosorbent assay technique to measure immunoglobulins produced by peripheral lymphocytes, patients with cirrhosis with, and without, hypergammaglobulinaemia were found to produce significantly more spontaneous IgG than controls (p<0.005). There was no difference in IgG production when pokeweed mitogen, a T-cell dependent B-cell mitogen, was added to the system. Contrary to our findings in a T-cell proliferative assay, there was no evidence of increased prostaglandin-producing suppressor cell activity in this system. To study the importance of B-cell stimulation in cirrhotic hyperglobulinaemia, normal mononuclear cells were exposed either to cirrhotic or to control sera before measuring spontaneous IgG production. Cells exposed to cirrhotic sera produced significantly more IgG than those exposed to the control sera (p<002). These findings suggest that non-specific B-cell activity occurs with patients in cirrhosis and it is argued that the severity of the hypergammaglobulinaemia in patients with cirrhosis is more likely to depend on the degree of non-specific B-cell stimulation than on the competence of the immunoregulatory system.
Hypergammaglobulinaemia is a recognised feature of chronic liver disease.' This observation, together with the known increase in antibody titres to a number of gut-associated antigens,2 3 indicates a hyper-responsive humoral immune system in these patients. This is in sharp contrast with the welldocumented hyporesponsive cellular immune system associated with cirrhosis. 4 Two basic theories have been put forward to explain the hypergammaglobulinaemia.5 Firstly, reduced suppressor cell activity may fail to 'switch off the immunoglobulin production. Such disordered immunoregulation has been demonstrated in proliferative assays in chronic active hepatitis,6
and, more recently, in severe alcoholic liver disease.7 Secondly, it is suggested that the decreased filtering capacity of the liver in cirrhosis allows gut-related antigens to spill over into the systemic
The recent development of sensitive assays has allowed in vitro immunoglobulin production by mononuclear cells to be measured. Various workers have shown that peripheral blood mononuclear cells from patients with cirrhosis, with or without hypergammaglobulinaemia, produce more immunoglobulin in vitro than do cells from controls. '1 Although there are many different clones of antibody-producing cells in the systemic lymphoid system, 2 it has been suggested that this system provides a useful model for the in vitro study of cirrhotic hypergammaglobulinaemia.
In this study we compare the immunoglobulinproducing capacity of peripheral mononuclear cells from cirrhotics with that of cells from normal controls and investigate the possibility that cirrhotic serum contains factors capable of stimulating normal cells to produce increased amounts of immunoglobulin. We have also studied prostaglandin-producing suppressor cell activity in this system, as we have previously shown that increased activity of this system may account for the hyporesponsiveness of the cellular immune system in cirrhosis.13
Demonstration of non-specific B-cell stimulation in patients with cirrhosis
Methods

SUBJECTS
Thirteen patients with cirrhosis confirmed by biopsy were studied (one, primary biliary cirrhosis, eight, chronic active hepatitis, two, cryptogenic, and two, alcoholic). Only two had hypergammaglobulinaemia. The age range was 15 to 74 years and there were nine females and four males. Thirty-one healthy laboratory and hospital staff served as a control population. Twelve were male and 19 female and their age range was 22 to 58 years. Both patients and controls gave informed consent and the study conformed to the guidelines of the Committee on Human Experimentation of the University of Vermont.
PREPARATION OF PERIPHERAL BLOOD MONONUCLEAR CELLS
These cells were obtained by density centrifugation by layering fresh heparinised (10 u/ml) venous blood on Ficoll-Hypaque. Mononuclear cells were recovered and washed three times with phosphate buffered saline. Cell suspensions were made in RPMI-1640 with 25 mM hepes (GIBCO) and supplemented with penicillin (100 u/ml), streptomycin (100 ug/ml), and 2 mM glutamine (Microbiological Associates) (RPMI-PSG). Trypan blue exclusion was used to assess viability and any preparation less than 90% viable was discarded.
CULTURE AND ASSAY FOR IMMUNOGLOBULIN DETERMINATION
Immunoglobulin synthesis in vitro was assayed as previously described.14 Briefly, 106 peripheral blood mononuclear cells were cultured in sterile 12x75 mm test tubes (Falcon) in 2 ml RPMI-PSG supplemented with 10% fetal calf serum. For each subject cultures were established with or without 50 ,ug pokeweed mitogen (GIBCO), a T-dependent B-cell mitogen'5 which stimulates immunoglobulin synthesis. The effects of indomethacin on the in vitro stimulated immunoglobulin production were studied as indicated below. Cultures were incubated at 37°C in a fully humidified atmosphere in 5% CO2 for seven days. Upon completion of the culture period, the specimens were centrifuged and the supernatants removed and stored at -20°C for later assay of immunoglobulins. The concentration of IgG in the supernatant of the lymphocyte cultures was measured by an enzyme-linked immunosorbent assay technique modified'4 from that described by Engvall.16 For this, polystyrene microtitre plates (Dynatech, Alexandria, VA) were coated with anti-human IgG (Cappel Laboratories, Cochranville, PA). Samples of the supernatant, diluted in phosphate buffered saline supplemented with 0.05% v/v Tween-20 (PBS-T) (Sigma, St Louis) were incubated in triplicate overnight at 4°C. After a brisk wash with PBS-T, alkaline-phosphatase conjugated goat anti-human IgG (Miles Yeda, Rehovet, Israel) was added and the plates incubated overnight at 4°C. After an additional wash, pnitrophenylphosphate (Sigma, St Louis) was added and the product of the enzymatic cleavage of this compound measured spectrophotometrically at 405 nm (Dynatech, manual enzyme-linked immunosorbent assay plate reader). Serial dilutions of standard immunoglobulin preparations served as a standard on each plate, from which the sample IgG values were calculated.
MITOGENS AND DRUGS
The optimal concentration for pokeweed mitogen proved to be 50 ,ug per culture. Concentration of indomethacin was 1 ,ug/ml. The effect of indomethacin on immunoglobulin synthesis (% suppression) was calculated from the formula:
(1 _ A x100 in which A indicates immunoglobulin production without indomethacin added and B that produced in the presence of indomethacin.
PRESENTATION AND STATISTICAL ANALYSIS OF DATA
The final values were the mean of triplicate assays. These values were usually within 10% of the mean. Values were expressed as mean ± standard error. The unpaired Student's t test was used for comparison of group data and the paired Student's t test for analysis of indomethacin on lymphocyte response.
EFFECT OF SERUM FACTORS
To investigate the effect of cirrhotic serum on normal cells, a large number of cells were obtained from a single healthy volunteer and made up in aliquots into 40 diufferent specimens, 20 of which were exposed to serum from cirrhotic patients and 20 to serum from controls matched as far as possible for age and sex. These 20 patients consisted of the original 13 plus four patients with chronic active hepatitis, one with primary biliary cirrhosis, and two alcoholics, all of whom had cirrhosis confirmed by biopsy. Cells were incubated in a 50% concentration of the respective serum for 24 hours at 37°C in a fully humidified atmosphere. They were then washed in phosphate buffered saline five times, re-counted, and set up in culture for immunoglobulin production as previously described. Assay of the final washing Holdstock, Ershler, and Krawitt fluid showed that there was no immunoglobuhn remaining in this wash. Check samples were tested for viability by trypan blue exclusion at all stages of culture and all were found to be at least 90% viable.
Results
In vitro IgG production by unstimulated peripheral blood mononuclear cells from the cirrhotics was significantly greater than that of the controls (p<O.005, Fig. 1 ). There was no difference between the cirrhotics and the controls after stimulation with pokeweed mitogen. The amount of unstimulated IgG production did not correlate with the circulating globulin level (r 0.09) and did not appear to depend on the nature of the liver disease, although numbers were too small for detailed analysis. There was no significant difference between the changes produced by the addition of indomethacin in the two groups (-38%±24 for the controls and -32%±29 for the cirrhotics).
Normal cells exposed to cirrhotic serum produced significantly more IgG than those exposed to normal control serum (p<002, Fig. 2) . Seven of the cirrhotic sera (four chronic active hepatitis, one primary biliary cirrhosis, one alcoholic) resulted in IgG production greater than 2 SD from the mean of that produced by the cirrhotic serum. There was no correlation with the amount of IgG produced by the normal cells on exposure to the cirrhotic sera and the globulin levels in the specimens (r 0.1). I.
Demonstration of non-specific B-cell stimulation in patients with cirrhosis 727 (or are lacking) a substance which preferentially affects the immunoregulatory cells of the normal donor cannot be excluded but appears unlikely. As endotoxin in vitro is known to stimulate B cells, it may be one of the antigens accounting for the increased spontaneous IgG production in the cirrhotics, as endotoxaemia may be common in patients with cirrhosis. 18 19 In cirrhotic patients, the amount of immunoglobulin produced in response to adding pokeweed mitogen to the system was not statistically different from that of controls, and only the unstimulated levels differed. As pokeweed mitogen is a T-cell dependent B-cell mitogen"s this suggests that, in these patients, the regulatory system is intact and that defects of this system are of secondary importance. The non-specific B-cell stimulation that has been demonstrated may occur in all cirrhotics to some degree, as in clinical studies the degree of hypergammaglobulinaemia has been shown to correlate with the extent of Kupffer cell dysfunction rather than the degree of shunting.20 The observation that the greatest rise in circulating immunoglobulins usually occurs in autoimmune liver disease (chronic active hepatitis and primary biliary cirrhosis) might be explained by the coexistence of reduced suppressor cell activity, as this has been reported in both primary biliary cirrhosis1' and chronic active hepatitis21 using immunoglobulin-producing systems but not in patients with alcoholic liver disease and hypergammaglobulinaemia.8 It has also been reported that in vivo antibody responses to tetanus toxoid are not increased in patients with cirrhotic hyperglobulinaemia22 23 and this observation, together with the known correlations of the severity of the hyperglobulinaemia with the degree of Kupffer cell failure,20 supports our impression that non-specific B-cell stimulation is the most important factor. It is possible that different results for different types of cirrhosis might be apparent in a study in which large numbers of patients would be studied.
We were unable to identify increased activity of a prostaglandin-producing suppressor cell system in cirrhotics using this system, although we have previously documented that this is present in proliferative assays in patients with cirrhosis.13 It is possible that differences might have been evident using other concentrations of indomethacin, but the level chosen in this study was that shown to reveal changes using a proliferative response assay. '3 In Crohn's disease increased activity has been demonstrated both in the proliferative and in the immunoglobulin-producing assay,'4 24 and the lack of increased prostaglandin-producing suppressor cell activity on immunoglobulin production in cirrhotics may be relevant to the development of the hypergammaglobulinaemia. This system is monocyte mediated and in sarcoidosis, which is also associated with a polyclonal hyperglobulinaemia, B-cell activation has been shown to be suppressed by monocytes. 25 It is possible that, in cirrhosis, continual non-specific B-cell stimulation results in a failure to respond to this regulatory system. Alternatively, the two may be more directly related, as we have shown that the inhibitory action of cirrhotic serum on proliferative responses is monocyte mediated1 and could result from stimulation by the same antigens that cause cirrhotic hyperglobulinaemia.
In conclusion, lymphocytes from cirrhotics produce significantly more spontaneous IgG than do controls. Exposure of normal cells to cirrhotic serum results in increased IgG production; this supports the theory that non-specific B-cell stimulation is important in the pathogenesis of the hypergammaglobulinaemia found in cirrhosis.
